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THE RESISTANCE AITD PHYSIOLOGICAL REACTIOK 
OP STRAINS 07 CUCUHBERS TO MOSAIC 
IKTRODUCTIOII 
Virus diseases of plants constitute one of the most 
baffling problems known to plant pathology. Since Keyer»s 
discovery in 1885 of the transmissibility of tobacco 
mosaic, followed by Iwanowski's experiments in 1892 on the 
filterability of the causal agent, considerable progress 
in oar knowledge of the group has been made. The main 
lines of development have been interspecific transmission, 
differentiation of types and symptoms, recognition of 
insect vectors, and progress in methods of control. At 
the present time one or more virus diseases are knovm on 
most of our crop plants, inclxiding the cucumber. 
Although cucumber mosaic was probably recognized as 
early as 1902, it was not until 1916 that Doolittle (10) 
and Jagger (26) working independently, established def­
inite proof that it was a transmissible virus disease. 
Since that time, mosaic has come to be recognized as one 
of the most destructive diseases of the cucumber. The 
host range, overwintering hosts and methods of dissemina­
tion of the disease have been determined by Doolittle and 
V/alker (15). Efforts to control mosaic by field roguing 
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of wild hosts and spraying against insect vectors have 
almost completely failed in acutal practice and mosaic 
has continued to be one of our primary limiting factors 
in cucumber production in the United States. 
On the other hand, Elmer's (21) determination of 
mosaic resistance in the var. Chinese long suggested new 
possibilities for mosaic control. The response of this 
variety has been investigated for the past three years. 
Simultaneously with these investigations, collections of 
a few infected cucumber mosaic host plants have been made 
in different parts of the United States in order to 
determine whether variation or physiologic specialization 
existed within the virus, A third phase of the mosaic 
problem which received attention was hybridization between 
the varieties Chinese long and Shite spine for the purpose 
of combining, if possible, the character for resistance 
possessed by one parent with the short fruit tyi^e of the 
other. This phase also included the production of inbred 
lines v/ithin these varieties in order to isolate individ­
uals homozygous for the characters to be studied. It 
is the purpose of this paper to present the results of the 
investigations which have dealt with these three phases 
of the cucumber mosaic problem. 
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PEKTIFENT LITEKATTJRE 
Doollttle (12) described the mosaic disease of cucur­
bits in great detail and also outlined the history of the 
disease.from the earliest published reports in 1901 up to 
1920« Simultaneously with Jagger (26), he (10) proved the 
transmissibility of the disease and classed it in the virus 
group. Later, he and Gilbert (11) found that seed of the 
wild cucumber Micrampelis lobata (Echinocystis) (Michx.) 
T. and G-. carried mosaic through the winter and the young 
infected seedlings grown from such seed became centers of 
infection in the spring. Further study by Doolittle (13a 
and 14) and Doolittle and Walker (15) showed that several 
perennial plants including Asclepias syriaca L., Phyto­
lacca decandra L., Physalis pubescens L., P. subglabrata 
McKenzie and Bush, and ?. heterophylla Nees carried mosaic 
diseases over winter and served as sources of infection to 
cucumbers by tl^e agfency of aphids. As a result of these 
investigations!, an [attempt was made to control cuciamber 
mosaic by mea^is of (1) spraying to control aphids and 
cucumber beetles and (2) the eradication of wild cucumber, 
milkweed, pokeweed and species of Physalis in the neighbor-
\ 
\ 
hood of cucunjber plantings, Doolittle (12) also stated 
that he had' a'ttempted to find a mosaic resistant variety 
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of cuexanbers but had. met vrith no success, in fact, he con­
sidered it improbable since resistance to virus diseases 
was of such rare occurrence. 
Up to the present time resistance in plants to virus 
diseases has not been foxind so common as it has to bacterial 
or fungous diseases, althou^ this condition may be due 
more to a lack of sufficient investigation than to lack of 
resistance. 
Reddick and Stewart (41) found that the white marrow 
bean in most cases remained free from bean mosaic after 
inoculation with the virus, but an occasional plant devel­
oped a peculiar mottling, resembling suppressed mosaic. 
At times it was possible to transmit mosaic by inoculation 
frcan such plants. Another variety Robust was found which 
never showed any mosaic symptoms either in field or green­
house trials for three years. 
Poison (23) states that the potato var, Irish cobbler 
remains practically free from mosaic in contrast to the 
Green mountain and Bliss triumph varieties. Murphy (34) 
found eight varieties that were resistant to mosaic in 
Ireland and Barrus and Chupp (3) reported that the varieties 
Irish cobbler. Early ohio, and Rurals were generally re­
sistant to mosaic although a few diseased plants appeared 
at times# 
Brandes (5) was the first to find mosaic on sugar cane 
in the United States, He advised the use of immune var­
ieties, a number of which he had found to remain free from 
the disease in Porto Rico in the midst of heavily infested 
areas. later (6) he classified sugar cane varieties that, 
he had collected from different countries as immune, re­
sistant, and tolerant. The resistant varieties seldom 
took mosaic, but ware sevoroly injured when infection did 
occur, whereas the tolerant varieties were readily infected 
but were not seriously injured. Edgerton (16) isolated a 
variety "L 511" by selection and propagation of disease-
free plants. Later he (17) selected fron susceptible var­
ieties additional strains that were resistant and suggested 
that either bud variations were occurring or that certain 
plants were acquiring immunity to the disease. Rands and 
Sherwood (40) found that they could isolate strains of 
sugar cane resistant to mosaic by mass selection. Such 
strains gave good yield increases over the common varieties 
Brierly (7) reported in 1916 that a mosaic tomato 
plant recovered from the disease and Verwoerd (45) in 1929 
found two tomato plants which recovered frcmi mosaic after 
they had been cut back. He was unable to Infect other 
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tomato plants with the juices from these two plants which 
originally had mosaic. 
Carsner (9), in 1926, found that one strain of su^j? 
beets was considerably leas injured by curly top than any 
other he used and he concluded that the development of a 
highly resistant strain of sugar beets was probable# 
In the summer of 1925 and again in 1926 the writer, 
while engaged in phyfcopathological ?/ork in China, observed 
that the cucumber variety Chinese long was free fr<an mosaic. 
This condition seemed significant, in view of the fact that 
several varieties of pumpkins and squashes growing in the 
same garden with cucumbers wer6 commonly infected. Seed of 
this variety of cucumbers was sent to Dr, 0.H, Elmer at 
Ames, Iowa, in 1926» He grew plants, inoculated them with 
cucumber mosaic virus and (21) reported that they were 
resistant to the disease. In the spring of 1927, the writer 
returned to the Iowa State College and began a further study 
of the reaction of this variety to the mosaic disease. 
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METHODS USED 
In all of the experiments to be recorded an effort was 
made to use for inoculetion purposes, plants which were in 
a vigorous growing condition. Elmer (20) mentioned the 
importance of using rapidly growing plants, but the writer 
has been convinced that not enough significance has been 
attached to the condition of the host# 
Environment, especially soil and air temperatures, as 
shown by Doolittle (14) is a vital factor in working with 
cucumber mosaic, but even with favorable temperatures in­
fection may not take place if the plants are not growing 
vigorously. The length of day is undoubtedly an important 
factor, because from November 15 to March 1 cucumber plants 
do not grow well and during that period of the year they 
do not express mosaic symptoms readily following inocula­
tion. Whenever conditions in the greenhouse occurred which 
suddenly checked the growth of the plants or injured them 
seriously, the experiment was discarded. 
The plants were grown first in two and one-half inch 
pots, later transferred to four-inch and again to five, six 
or eight inch pots depending on the length of time the 
plants were to bo kept. They were kept in one of two rooms 
in the greenhouse with air temperatures between 750 and 850p 
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except in the stnraner and although they were not covered to 
prevent insect visitation, an effort was made to keep them 
free from insects by frequent fumigation and by spraying when 
necessary. It is significant that in the three year period 
covered by these studies, chance infection was seldom ob­
served* 
All cucumber plants used for experiment were not inoc­
ulated until at least the third or fourth leaf above the 
cotyledons had appeared. The method of inoculation most 
conanonly used was the one described by Elmer (20) in which 
strips of paper toweling were employed to hold the leaf 
receiving the inoculum so that the hands never touched the 
plants. The leaves were punctured with a sterile needle 
through a drop of the inoculum prepared by grinding diseased 
tissue mixed with quartz sand in a sterile mortar. Either 
sterile or tap water was used to mix with the macerated 
tissue. Punctures were made in two places: (1) at the 
base of the leaf near the petiole attachment and (2) in the 
petiole itself. Prom 15 to 25 stabs were made at each locus. 
After the punctures had been made, one or two drops more of 
the inoGultJm were placed on the punctured areas v/ith a 
medicine dropper. 
In all tests to determine the resistance of cucumbers 
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to mosaic, the "white pickle mosaic virus" was used as the 
inocultJm. This virus has been named (Cucumber virus 1) by 
Johnson (30), For most of the tests in 1927, the source of 
the Inoculum v/as a Columbine plant (Aquilegia canadensis L.) 
supplied by Klraer* In October this plant died because of a 
root rot and it was necessary to use the virus collected • 
during the summer on Asclepias syriaca near Conesville, 
lovfa, as the source of the inoculum. This virus was used 
until December, 1928 when greenhouse studies were suspended 
until the following spring. In May, 1929, more plants of 
Asclepias syriaca infected with mosaic were found at Ames, 
Iowa and these furnished the source of the inoculum in all 
subsequent studies unless otherwise stated. 
Most of the inoculation trials were made on the cucum­
ber varieties Arlington improved white spine, Chicago 
special, and Chinese long. For the sake of brevity, plants 
of these varieties may be referred to as CS, and CL, 
respectively. In addition, a number of selfed lines were 
produced and their reaction to mosaic was tested along with 
plants from open pollinated fruits. The terms Tv'S-l and CL-
1 were used to designate inbred lines within the varieties 
WS and CL respectively. Inbreeding produced some lines 
which v/ere decidedly inferior in general physical vigor^ in 
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fact in the third generation, the young seedlings died soon 
after germination. In other cases lines were secured up to 
the third generation of selfing in which the plants showed 
as much vitality as mass selected material. 
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REACTIOK OP THE CUCUMBER VAE. CHINESE LONG 
TO MOSAIC 
Elmer (22) in 1926 conducted the first inoculation 
trials with plants of the var. Chinese long. He inoculated 
50 plants each of the Chinese long and White spine var­
ieties. Hone of the former took mosaic hut all of the latter 
became infected. In the field trials he planted five six-
rod rows of CL plants and transferred aphids to them from 
mosaic cantaloupe plants but secured no infectlono 
On July 11, 1927, the writer inoculated 140 CL plants 
end 42 ^  plants v/lth mosaic virus from Aquilegia canaden­
sis. On July 21, all of these plants were transplanted 
to the field and observed during the summer. Thirty of the 
YIS plants showed mosaic but none of the CL plants developed 
any symptoms. Two and one-half rows each sixteen rods long 
of CL plants were carefully observed until frost in the 
fall, None of the plants developed any symptoms of mosaic, 
whereas, several rows of ^  plants in the same field showed 
an incidence of about 50 per cent infection. On October 15, 
inoculations were made into 22 CL plants but none developed 
mosaic. One hundred fifty more CL plants along with 10 
crookneck squash plants and four W£ plants were inoculated 
with mosaic on October 29. By November 14, two of the 
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squash plants had developed mosaic but all of the CL and 
TO plants remained free. On December 14, 25 CL plants were 
Inoculated with virus from a squash plant which had been 
infected from a mosaic milkweed. Four squash plants were 
inoculated as checks and two of them became infected. All 
of the £L plants remained healthy. 
The inoculation trials with CL plants during 1926 and 
1927 gave rather strong Indications that this variety was 
resistant to mosaic. It was felt, however, that not enough-
tests had beon made to establish this fact completely. 
Furthermore, the possibility of masking in this variety was 
considered an important question and attempts were made to 
answer it. 
Experiments in 1928 
The results of all inoculation trials with the var. 
Chinese long in 1928 were summarized and are presented in 
table 1. The tests included not only plants grovm from 
seed of open pollinated fruits, but also plants frm fruits 
where self fertilization had beon practiced for one or two 
generations. These experiments disclosed the fact that an 
occasional CL plant was susceptible to mosaic. The first 
instance of this condition was discovered in March, 1928. 
On March 2, twenty CL plants and 29 Pi plants resulting 
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from a cross of CL x ^  were inoculated with mosaic. Eight 
of the Pi plants developed mosaic and one CL plant showed 
a slight mottling resembling mosaic* This plant was saved 
for further study. On March 19, inoculations were made to 
25 CL plants. On March 25, one of these plants developed 
mottling typical of mosaic and four more showed attenuated 
symptoms the following day. Of the checks, six out of 
Qlgygjj developed mosaic four days following the inoculation. 
The next instance of mosaic symptoms on the var. 
Chinese long occurred following the inoculation on April 4 
of 11 GL plants along with 21 GS and 20 Pi plants. Sixteen 
of the OS and 10 of the Pi plants developed mosaic and two 
CL plaints were suspected but in a fev/ days they recovered 
as evidenced by normal growth of healthy leaves. On April 
27, 40 CL plants were inoculated and one shov/ed typical 
mottling on May 15. This made a total of nine CL plants 
which had showed faint or prominent mosaic symptoms but 
this condition was detected only after more than 800 plants 
of this variety had been subjected to mosaic by artificial 
inoculation. A further discussion of this condition will 
be taken up in a later chapter. 
Additional tests during the stimmer and fall included 
selfed lines and plants from open pollinated fruits of the 
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var, Chinese long. In most cases, as shovm hy table 1, 
this variety continued to exhibit a high degree of resis 
tance to mosaic. 
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Table 1, Reaction of cucumlDer plants to the vlrtis of 
"White pickle mosaic" (Cucumber virus 1), 
Source of virus : Plants 
J Inoculated 
Data 
Date :Total inoc-
s ympt oms:ulnted 
appearedtTotal infected 
Crookneck squash CL Jan.. 29 
Crookneck " 
squash 
29 
C?. Feb. 4 
Crookneck " 
squash 
Vaughan's " 
forcing 
cucumber 
WS-non-in- " 
oculated 
Crookneck squash CL 
X25I 
CL 
X25^ 
Crookneck 
squash 
WS-non-in 
oculated 
- n 
4 
4 
4 
Mar, 2 
9 
9 
9 
Hot re­
corded 
Kot re­
corded 
tt 
Hot re­
corded 
43 
15 
12 
"T? 
33 
9 
0 
12 
~r 
5 
20 
"T 
29 
T 
15 ir 
4 
5-
3 
T 
10 
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Table 1. Continued. 
: i 5 liate : Total inoc- " 
Source of virus : Plants : Date rsymptcanstulated 
: inoculated; ; appeared:^dtai infecteg" 
Crookneck squash CL Mar. 19 Mar, 26 
Crookneck " 
squash 
CS 
CL 
CS 
X25^ 
CI. 
CS 
Crookneck 
squash 
WS-non-in­
oculated 
19 
19 
Apr. 4 
« 4 
Apr. 4 
Crookneck squash CL 
CS 
5 
5 
5 
21 
21 
23 
23 
Not re­
corded 
Hot re­
corded 
Hot re­
corded 
CL 27 May 15 
25 
6 
T 
5 
4 
11 
"T 
21 
IS-
20 
W 
10 
10 
T 
10 
U 
5 
TJ 
120 
"~U 
20 
T 
40 
-so-
Table !• Continued, 
'i 5 I Date : Total inoc-
Source of virus : Plants : Date tsymptoms;ulated 
; Inoculated; tappearedtTotal iiifectied 
Crookneck squash CS Apr, 4 May 5 13 
White spine CLll-1 June 23 July 7 7 
CL4-1 n  2 3  " 7  8 
1 
CL 23 " 10 30 
1? 
ws 23 20 
T5 
WS-aaon-in- " 23 
oculated 
10 
"T 
White spine CL July 30 9 
75 
CS 30 Aug. 6 10 
T 
CL 30 12 20 
WS 30 a 20 
15 
CL Aug, 20 10 
u 
CS " 20 Aug, 28 10 
CL8-1 10 
"77 
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Table 1. Continued. 
Date :Total inoc-
aympt omslulated 
appeared:Total Infect^ 
Source of virus Plants : Date 
inoculated: 
White spine GL2-2 Aug. 6 Aug. 12 2^ 
n CLl-1 n 6 w 12 , 1 5  
n CLll-1 It 6 It 28 6 
n 01,20-2 It 6 mmfm 10 
u 
» CL6-1-2 « 6 — 
o
|o
 
tt CL2-1-4 n 6 Aug. 28 103 
"T 
11 GL4-1 n 6 n 28 10 
T 
ti CL6-1 tJ 6 n 18 10 
« CL5-1 It 6 « 15 10 
T 
t! OS n 6 1* 12 5^ 
¥ 
— 
WS-non-in­
oculated 
o 6 — 10 
TF 
Pi from ^  * CI» cross. 
%lanta died apparently frcan mosaic. 
^One plant showed symptoms Aug. 16. 
^Two plants showed symptoms Aug, 12, 
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A  summary of the results secured in 1928 show that out 
of a total of 494 plants representing mass selected and 
self fertilized fruits of the var» Chinese long, 46 hecame 
infected with mosaic. This is equal to 9.3 per cent. At 
the same time, a total of 209 plants representing suscep­
tible varieties were inoculated and 112 or 53.6 per cent " 
became infected with mosaic. 
Inbreeding within the var. Chinese long resulted in 
the production of three lines: CL6-1-2, GL8-»1, and CL20-2 
which remained free from mosaic but the same process pro­
duced several lines that were moderately susceptible. Line 
CL4-1 in two tests showed 55.5 per cent, CL5-1 showed 50 
per cent, and CLll-1 showed 30.8 por cent mosaic-infected 
plants. The response of these plants was such that the term, 
tolerant, is more descriptive than susceptible. In a later 
section it will be shown that this peculiar response is 
typical of ^  plants which develop symptoms. 
Results of Tests in 1929 
As stated earlier in this paper, the source of the 
mosaic virus used in 1929 was a mosaic milkweed plant, 
Ascleplas syriaca, found in sane plots at Ames, Iowa. The 
results of all of the tests in 1929 are presented in table 
2j in which inbred lines as well as open pollinated strains 
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were subjected to inoculation with the cucumber mosaic virus. 
The data in tables 1 and 2 show that some of the selfed 
lines of the var* Chinese Ions react in the same 
way to the virus used in 1929 as they did in 1928• For 
exampley in 1928^ lines CLlly 01/4:^ CL2y CLl* and CL5 all 
were susceptible^ whereas in 1929 the first fouT lines re* 
mained free from mosaic following inoculation. Line CLS 
was not included in the 1929 test. One line CLIB"*! showed 
susceptibility in 1929, when three out of 16 plants dev­
eloped slight symptoms, althou^ even in this case there 
was some question that the effect was caused by mosaic. 
One out of 10 CL plants inoculated on June 22 developed 
typical mosaic symptoms July 3. In all of the tests in 
1929, 150 plants representing seven inbred lines and three 
open pollinated lots of the Chinese long resisted infection 
with four exceptions. In contrast to this, 36 plants of 
susceptible strains were inoculated and 29 or 80.6 per cent 
of them became infected. 
It is difficult to account for this variation in 
response among inbred linos except on the basis of phys­
iologic specialization on the part of the virus used. The 
source of the virus used in 1929 was from a different lo­
cality than in 1928, but in both cases Asclepias syriaca 
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was the host from which the virus was secured. It is rec­
ognized that the lack of knowledge regarding the cause of 
mosaic, as well as our Inability to culture the causal 
entity artificially, makes it difficult to accurately inter­
pret results. There can he little doubt, however, that CL 
plants did not respond in the same manner to the virus of 
" vmite pickle mosaic" as did ^  plants. The question of 
variation in the response of inbred lines to mosaic virus 
from different souroes is still an opon one although the 
results secured to date are indicative of variation in the 
sources of inoculum used. 
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Table 2. Reaction of cuctmlDer plants to the virus of 
"\^ite pickle mosaic" (Cucumber virus 1), 1929, 
i bate :Total inoc-
Date :symptoms;ulated 
;appeared;Total Infectedl 
Source of virus 
inoculated 
jjilkweed CL June 22 July 3 10 
T 
WS7-1-1 22 June 25 5 
CL11-1~1 
X25^ 
22 
" 22 July ' 3 
4 
10^ 
I?5 
White spine CL20-1-2 25 12 
15 
WS-n on-in­
oculated 
25 10 
15 
Vfhite spine CL2-2-1 25 19 
U 
CL4-1-1 25 16 
U 
CLl-1-2 " 25 22 
U 
CL " 25 3 
GL2-2-1-1 25 2 
(7 
CL8-1-1 25 12 
CLll-1-1 25 10 
15 
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Table 2. Continued. 
Source of virus 
• « 
« « 
: Plants : 
: inoculated; 
1 
Date 
: Date :Total inoc-
:symptoms:ulated 
:appeared:Total infected 
V.'hite spine WS June 22 July 3 103 
ti CL16-1 n 25 8 . 1 6  
H CL16-1 n 29 6 
U , 
11 WS n 29 July 3 6 
5" 
w CL4-1«1 » 29 3 
n WS7-1-1 Sept, . 3 Sept.16 54 
? 
ti CL K 3 5 
75 
tf GL8-1-1 ft 3 m tm. 5 
U 
n WS5-1-2 n 3 Sept,16 5 
I 
ir WS 3 « 16 5 
t! CL4-1-1 ff 3 — 5 
U 
WS-non-in-
oculated 
tf 3 5 
u 
Ipi hybrid of CL x WS, 
^Six plants showed symptoms June 26 and two on June 29. 
^Two plants showed symptoms June 29. 
^hree plants showed symptoms Sept. 9. 
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Inoculatlon Trials In 1950 
During the winter of 1929-1930 the plants infected with 
Cucumber virus I obtained originally from Asclepias syrlaca 
all died because of poor light in the greenhouse, Throu^ 
the oon.rtesy of Dr. James Johnson a tobacco plant infected 
with cucumber mosaic was secured. Inoculation trials from 
this plant were made to cucumber plants. On April 10 the 
following inoculations were made on two plants each of 
Ws7-l-lp WS9-1, X21 and X25. On May 5, one each of X25 and 
T;S7-1-1, and all of W39-1 and X21 showed faint mottling. 
Transfers were next made from one of the X21 plants to a 
number of plants from selfed lines of the var. Chinese long. 
Not a single plant developed mosaic symptoms as shown by 
table 3. Only two out of ten white spine plants inoculated 
as checks became infected. All of the CL plants were re-
inoculated on May 10, but none of them shov/ed symptoms up 
to May 19. 
These results are similar to those secured in the 
three years previous to 1930, although the symptoms pro­
duced by this virus v/ere not identical with those secured 
in 1929 using the virus from Asclepias syriaca. The plants 
were in an unusually thrifty condition v/ith favorable tem­
peratures so that a higher percentage of infection on the 
-28-
check plants should have been secured. The results of 
these tests from 1927-1930 indicate the necessity of further 
study to determine the possibility of variation in host 
response as well as physiologic specialization of the virus 
used^ 
Table 3. Reaction of selfed lines of Chinese long cuciimber 
to Cucumber virus l, from Johnson, 1950. 
Source of virus Plants 
inoculated 
i Date ;Total inoc-
Date ;symptoms!ulated 
;appeared;Total infecte? 
X21, virus orig­
inally from 
tobacco 
WS Apr. 28 May 5 
CL8-1-1-8 " 28 
10 
T 
19 
U 
0L4-1-1 
CLl-1-2 
28 
28 
CLll-1-1-4 " 28 
V/S-non-in­
oculated 
11 
"15 
9 
15 
10 
5 
rj 
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Cross Inoculations from the var, Chinese long 
to Susceptible Cuctarebers 
The development of mosaic symptoms on an occasional 
plant of the var. Chinese long suggested the possibility 
of masking. Before talcing up this question, steps were 
taken to determine if the virus was actually present In 
plants suspected of having mosaic. Five such plants which 
had been inoculated on March 19, 1928 ahov/ed mosaic symptoms 
on March 29« Frm each of these, cross inoculations were 
made to five CS plants. In two cases, two plants out of 
the five developed mosaic with somewhat moderated symptoms. 
Prom two of these infected plants, transfers were made on 
April 21 to nine ^  plants of which six developed typical 
mosaic. During the summer of 1928, additional experiments 
were conducted, the results of v/hich are presented in table 
4m It is evident from the results in this table that 
cucumber plants of the var. Chinese long which developed 
mosaic symptoms actually had the disease, A total of 17 
plants in these tests showed faint to prominent mottling 
and transfers were successfully made from 12 of them to 
cucumbers loiown to be susceptible. Unsuccessful transfers 
were partially due to poor growth of the plants used for 
inoculation purposes. 
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Table 4. Cross inoculations to known susceptible Viosts 
frcrni Chinese long cucumber plants which had 
developed mosaic symptoms, 1928. 
rJiumberrDate :Date first :Total inoc-
Transfers ;inoc- rinoc- rs^nnptoms :ulated 
From : To ;ulated;ulated;appeared ;Total infecte? 
CL4-2 CS 5 July 9 July 13 5 
,2" 
CLll-2 n 5 w 9 " 13 5 
2" 
CLll-2-1 ti 5 If 19 Aug. 6 5 
S 
GL4-1 n 5 n 13 — 1 
CLll-1 WS 5 n 13 — 2 •i m 
CL33 OS 3 Aug, .16 Aug. 28 3 
CL33 3 n 23 " 28 3 
3 
CL34 tt 3 n 14 " 28 3 
Z 
CL55 H 3 14 " 28 3 
I 
CL35 H 3 H 23 Sept, 12 3 
3 
CL56 « 3 n 14 " 28 3 
CL37 n 3 n 14 Aug. 28 3 
Checks not inoculated 10 
o
jo
 
^Plants grew poorly. 
"CLll-1 did not show distinct mottling. 
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l3 the var« Chinese long a Mosaic Carrier 
While evidence was being acormulated to show that plants 
which developed mosaic symptoms were actually infected with 
the mosaic virus, it seemed advisable to learn if other in­
oculated plants which, to all outward appearances,, were 
free, in reality were carriers of mosaic, Nishlmara (35) 
has shown that Physalls alkekengi L. may carr»y the virus of 
tobacco mosaic without showing any symptoms and Melhus (32) 
found that egg plant CSolan\m melongena L.) recovered from 
mosaic symptoms after the plants had passed the seedling 
stage. 
Reference has already been made to the work of Brierly 
(7) and Verwoerd (45) in which they found that tomato plants 
recovered from mosaic. In 1928 and 1929, a series of tests 
were conducted using CL plants, which, following Inoculation, 
showed no symptoms, as the source of the inoculxim. In 
table 5 the results of these tests are summarized. In a 
few cases, two inoculations were carried out at successive 
intervals and efforts were made to transfer the virus. In 
only one case was mosaic virus successfully transferred 
from an inoculated plant which showed no symptoms. It was 
possible even in this one Instance that symptoms appeared, 
but were not observed. Later it v;ill be shown that constant 
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observation was necessary in order to detect the symptoms on 
certain plants because recovery was often rapid. 
It is not considered that the evidence in these tests 
was sufficiently conclusive to prove that the var, Chinese 
long was or was not a mosaic carrier except where symptoms 
were observed, but it does indicate that if symptomless • 
plants carried the virus, they were of rare occurrence. 
Further experiments dealing with this phase of the problem 
are necessary. 
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Table 5, Results 
Chinese 
of experiments to determine 
long la a raosaic carrier. 
if the var. 
Plants 
inoc­
ulated 
• 
• 
: Dates 
• 
• 
Trans 
fers 
: ; Date :Total trans-
- ; Dates :symptoms:fers 
to: ;appearod;Total infected 
CL Feb. 4 t2a CS Feb. 11 6 
<5 
CL Mar. 2 « Mar, 5 4 
u 
CL " 9 It " 12 5 
rs 
CL " 2 M " 14 5 
U 
CL " 19 tt ** 20 4 
U 
CL " 19 n " 21 4 
0 
CL Apr. 5 11 Apr. 6 6 
tJ 
CL " 27 n May 3 3 
15 
CL " 27 n " 3 2 
V 
CL43 July 30 H Aug. 23 Sept. 12 2 
CL8 Sept.17 
" 30 
»29 u 
ws 
Oct. 19 »29 — 3 
TT 
CL20 (2 
plants) 
». 3^7 
" 30 n 19 -- 6 
15 
CU (5 
plants) 
» 17 
" 30 n " 19 15 
15 
-34-
Oomparatlve Kesponse to Mosaic of the 
Varieties Chinese long and White spine 
Prom the beginning of the work with the variety Chinese 
long, it became evident that its general vigor was some­
what greater than the American sorts which we had been 
using. In the greenhouse, under the same conditions, CL 
plants made more rapid gains in size of plants and fruits 
and in number of leaves than did plants. Under field 
conditionsj^ CL plants usually blossomed earlier and pro­
duced more fruits per plant than did ^  or ^  plants. 
During the summer of 1928, after it v/as discovered 
that an occasional CL plant developed mosaic, it became 
apparent that the symptoms of mosaic in this variety were 
somewhat different than on COTmon American sorts. One 
symptom was a faint mottling of the terminal leaf with 
more yeTlow spots than commonly occur on ^  plants. Mottl­
ing was usually observed only on the terminal leaves. In 
one or two instances, plants showed no mottling but the 
upper leaves were decidedly crinkled. Transfers from such 
plants to susceptible ones proved the presence of the 
mosaic virus. One typical symptom of mosaic, which was so 
common in all American varieties but entirely lacking in 
the Chinese long in all tests to date was the ''white pickle" 
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or warty fruits. Ttiis reaction gives further evidence that 
the behavior of the var. Chinese long to mosaic was strik­
ingly different than it was in any other variety thus far 
studied, 
A seccaid point of difference in response of this re­
sistant variety was the lack of marked stunting. In the 
greenhouse, one of the earliest noticeable symptoms of 
mosaic in the susceptible varieties was pronounced stunting 
accompanied by drooping or downward curling of the ^juvenile 
leaves. Occasionally, a plant recovered somewhat from 
this depression but such recovery was rare. In the var. 
Chinese long, a plant which developed mottling showed 
little or no stunting, in fact, within a few days or a 
week there seemed to be no apparent difference in the veg­
etative vigor of tolerant and resistant plants. It was 
also common for infected plants of this variety to recover 
within a fev/ days so that no macroscopic symptoms were 
detectable. This reaction is well Illustrated by an exper­
iment conducted' in 1928. On July 30, 20 £L plants were 
Inoculated with mosaic, and on August 12, five of these 
showed faint mottling of the terminal, leaves. On August 15, 
j 
these symptoms had entirely disappeared and if they had not 
been noted, it would have been impossible to have selected 
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th© ones with mosaic from those which v/ere free. These 
infected plants still retained the virus because successful 
transfers were made as late as August 23, as shown by CL33 
in table 4, In another case, plant CLll-1 which developed 
mosaic symptoms on July 7, had recovered by July 13, If 
we consider these recovered plants free from symptoms we 
must admit that plants of this variety may be carriers of 
mosaic. This condition emphasizes the importance of daily 
observation in virus disease work in order to detect faint 
symptoms Yfhich later may disappear. It is also important 
to make repeated inoculations and attempt transfers at 
successive intervals to susceptible plants* 
Further tests to determine the relative amounts of 
vegetative growth of GL and ^  plants following inoculation 
with mosaic were conducted using the same plants that are 
recorded in table 3. On July 30, 1928, 20 CL plants were 
inoculated with mosaic and on August 12, five of these were 
mottled, but none were stunted and they all continued to 
grov/ vigorously. The average height of all 20 plants was 
five and one-half feet on August 28. All save one of these 
plants had produced normal finiits. In contrast, 20 ^  
plants were inoculated at the same time and kept under the 
same conditions. Fifteen of these developed mosaic and the 
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average height of the entire 20 was two and one-half feet. 
Three out of these 20 had developed normal fruits. On August 
20, 10 more CL plants were inoculated with mosaic. They 
were transplanted to the bench August 23 and observed closely 
until late in September, flone of them developed symptoms of 
mosaic. The average height v/as about four feet. ' At the . 
same time 10 CS plants were Inoculated with mosaic and by 
August 28, eight of them were severely stunted and mottled. 
On September 12, every one of the ten was dead as a result 
of mosaic infection. 
It is evident from the data presented thus far that, 
considered as a variety, the Chinese long waa heterozygous 
in its reaction to mosaic. A small percentage of the plants 
studied became infected with Cucumber virus _1 but these • 
plants were rather tolerant of the disease, to the extent 
that practically no decline in vegetative vigor waa notice­
able. One inbred line which had been selfed for two gener­
ations showed 53 per cent infection, but such infected 
plants Y/ere not" Injured or stunted, in fact, they recovered 
readily from all outward s^^mptoms. 
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Effect of Juice from the var. ChlneBe long on 
the Liquid Extract of(Cucumber virus 1) 
The marked resistance of some selfed lines as well as 
plants from open pollinated fruits of the var. Chinese 
long to mosaic, raised the question as to the nature of 
this resistance. It seemed possible that the juice of rer-
sistant plants might have either an inactivating or a lethal 
effect on the mosaic virus. A series of experiments were 
undertaken in which plants susceptible to (Cucumber virus 1) 
were used for all the inoculations. The inocula used con­
sisted of juice from non-inoculated CL plants, mosaic in­
fected plants and mixtures of the two plant liquids in 
various proportions. 
In most of the experiments from five to ten leaves 
were removed from a given plant and ground to a finely 
pulverized mass in a mortar* To this plant residue was 
added 100 cc. of either sterile distilled water or tap 
water. In the first tests the decoction was allowed to 
stand until the residue settled to the bottom of the large 
test tube used as the container. The mosaic virus as well 
as juice from resistant cucumber plants v/as prepared in 
the same manner. Mixtures were made from the two solutions 
in the ratio of one to three, three to one, and one to 
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ons, Xn til® oarly tests tb© inocultitions werG made within 
a fev/ minutes after mixing, but later the raixtures were 
allowed to stand for several hours in order to give ample 
time for any lethal action or temporary inactivation to 
take place. One difficulty in working vrith the virus of 
cucumber nosaio was its lack of resistance to aging# Doo— 
little (12), Johnson (30) and Walker (46) agree that three 
davs was the longest period in which the virus from 
cucumber plants retained its power of infection and in most 
cases this power was lost after 24 to 48 hours. 
For convenience the mosaic virus was designated by "A" 
and juice from resistant cucumbers was labeled "B". The 
results of the first experiment are presented in table 6, 
from which it is apparent that in every case vv'here mosaic 
virus constituted any portion of the inoculum, infection 
occurred in from 20 to 60 per cent of the plants. 
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Table 6. Effect of expressed Juice from Chinese long 
cucumber on Cucumber virus !• 
:Total inoc-
Date iulated 
inoculated:Total infected 
Inoculum:Plants inoculated :Humber 
A Chicago special 10 4-14-28 10 
Crookneck squash 5 5 
T 
B Chicago special 10 10 
15 
Crookneck squash 5 
15 
3 parts A Chicago special 
1 part B 
Crookneck squash 
10 10 
5 
15 
1 part A Chicago special 
3 parts B 
10 10 
"3 
Crookneck squash 5 
15 
1 part A Chicago sijecial 
3 parts B 
after ^  
hr. Crookneck squash 
10 10 
5 
I 
1 part A 
1 part B 
Chicago special 10 
Crookneck squash 
10 
T 
5 
15 
-41-
On April 21 a second experiment was conducted in which 
a different procedure was followed. Solutions A and B 
were each expressed from their respective plants by placing 
one or two green plants in a "Juice press" manufactured by 
the Enterprise Manufacttiring Company of Philadelphia. This 
procedure gave a large quantity of natural plant fluid frcm 
which various dilutions could readily be made. All mixtures 
were allowed to stand for a half hour or more before any 
inoculations were made. It may be noted from table 7 that 
only one plant became infected with mosaic. It is difficult 
to account for the failure to produce mosaic even with the 
undiluted juice from diseased plants. It is possible that 
the cells of infected plants must actually be crushed or 
ground in a mortar in order to liberate any quantity of 
virus units. McKinney (31) found that filtrates of virus 
extract had a tendency to be low in virus concentration 
and that filter slime held a considerable amount of the 
virus. He also found that the concentration of virus in an 
extract was influenced by the method used in making the 
extraction and further that the concentration of virus 
varied in plants grown under different conditions, in plants 
of different ages and in different parts of the same plant. 
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In all experiments reported in this paper the juvenile 
leaves showing the largest amount of mottling were always 
used in preparing virus extract. 
Table Effect of expressed juice from Chinese long 
cucumber on Cucumber virus 1. 
J :Total inoc-
Kumber: Date ;ulated 
:inoculated:Total infected 
Inoculum:Planta inoculated 
A 
B 
Chicago special 10 4-21-28 
K 
1 part A 
5 parts B 
1 part A 
10 parts B 
1 part A 
25 parts B 
1 part A 
10 parts B 
110 parts U2O 
10 
10 
0 
10 
10 
-15 
10 
"Tf 
10 
-15 
The same virus later in the day also failed to 
produce infection, but when leaves from other diseased plants 
were crushed or ground in a mortar the extract gave a high 
percentage of infection, thereby suggesting that the method 
of expressing the Juice failed to bring out any virus units• 
The third experiment was carried out in the same manner as 
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the second one with no better results. Only two plants 
became infected, one from solution A, and one from a 
mixture of one part A and five parts B» 
Tno fourth experiment was conducted in much the same 
way as the first one, except that tap water was used in 
place of sterile water and the extracts of both 'A and B 
were filtered through filter paper* In this test none of 
the plants became infected with mosaic. 
Further studies on the possible toxic properties of 
juice frcTO the Chinese long wore not undertaken until the 
spring of 1930. At that time a number of selfed lines from 
a susceptible variety as well as hybrid plants were avail­
able for inoculation. Ten leaves from five mosaic plants 
infected with "white pickle virus" secured from Dr. James 
Johnson, were thoroughly ground in a mortar and 100 cc. of 
tap water added. The bulk of this liquid was poured off 
and centrifuged for five minutes. It was labeled "G*' and 
the residue which was not centrifuged was labeled "A". 
Ten leaves from five plants of C8-2, a line resistant to 
mosaic, were ground in a -mortar, and divided into two parts 
as described above. The portion not centrifuged was des­
ignated "B" and the centrifuged portion was labeled "D". 
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The residues A and C were used for inoculation purposes 
as checks against the effect of centrifuglng. Mixtures 
were made only with B and D in the ratios of one to one, 
one to three and three to one. Inoculations were made 
from these mixtures as well as from the stock cultures after 
they had stood for three to 10 hours. The results of this 
first test were summarized and are given in table 8. 
In table 8 it may he noted that infection occurred 
when either the centrifuged or non-centrifuged portions of 
the virus were used, hut only on one plant out of four in 
three cases. In two cases where mixtures of C and D were 
used as inocula, infection on one and two plants respec­
tively, occurred out of four plants inoculated. In each 
case the mixture had been allowed to stand only four or 
four and one-half hours. When allowed to stand longer, 
no infection took place. 
The second experiment was carried out on April 28, 1930 
using the same methods as in the test given in table 8, 
Five plants v/ere used for each inoculum consisting of WSl-1, 
WS9-1, WS15-1, X21 and WSV-1-1, In no case did any infec­
tion take place. 
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Table 8. Effect of .juice from Chinese long cucumber on 
Cucumber virus 1. 
% 
• 
• 
• :Date of: rTotal inoc-
InocultOQ ; Plants :Kum-rinocu- : Date final :ulated 
• 
• 
inoculated :ber ilatioa ; readings :Total infected 
A X21 1 4-20-30 5-5-30 4 
3^ hrs. old X25 1 TJ 
WS7-1-1 1 
WS9-1 1 
A X21 1 tt tt 4 - WS7-1-1 
10 hrs. old X25 1 T ~ 
WS7-1-1 1 
WS9-1 1 
C X26 2 n i = X25 
3^ hrs« old WS7-1-1 1 T 
WS9-1 1 
C X21 1 tt I! 4 a WS7-1-1 
10 hrs. old X25 1 
WS7-1-1 1 
WS9-1 1 
B 3CF.1 1 n ft 4l 
4 hrs. old X25 1 15 
WS7-1-1 1 
WS9-1 1 • 
B X21 1 It It 4 
11 hrs. old X25 1 tr 
WS7-1-1 1 
WS9~1 1 
D X21 1 n tt 4 
4 hrs, old X25 1 (5 
7/S7-1-1 1 
WS9-1 1 
D X21 1 n n 4 
11 hrs. old WS7-1-1 1 TT 
WS9-1 1 
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Table 8. Continued. 
Inoculum : Plants 
inoculated 
• 
• 
:Hum-
:ber 
:Date of: 
•inocu- : 
ilation : 
Date final 
readings 
:Total inoc-
rulated 
;Total infected 
3 parts C 
1 part D 
4 hrs. old 
X21 
X25 
WS7-1-1 
WS9-1 
1 
1 
1 
1 
4-20-30 5-5-30 J s WS9»1 
3 parts C 
I part D 
II hrs. old 
X21 
X25 
\VS7-1-1 
WS9-1 
1 
1 
1 
1 
n n 4 
TJ 
1 part C 
1 part D 
4-1^ hrs. old 
X21 
X25 
WS7-1-1 
7ifS9-l 
1 
1 
1 
1 
l< 11 4 
V 
1 part C 
1 part D 
Ht hrs, old 
X21 
X25 
W37-1-1 
WS9-1 
1 
1 
1 
1 
n n 4 
15 
1 part C 
3 parts D 
4^ hrs# old 
X21 
X25 
WS9-1-1 
WS7-1 
1 
1 
1 
1 
t« fi 4 
1 part G 
3 parts D 
11-| hra. old 
X21 
WS7-1-1 
WS9-1 
ws 
1 
1 
1 
1 
T! t( 4 
%S7-1-1 showed a faint mottling and rosette effect not 
typical of raosaic. 
-47-
Summarlzing the results presented in tables 6 to 8 
Inclusive, it is evident that no very definite conclusions 
can be drawn. In the first experiraent conducted in 1928 
the juice of Chinese long apparently had no effect on the 
virus when the mixtures were used soon after they were 
prepared. On the other hand, there is slight evidence from 
the experiment conducted April 20, 1930, that when mixtures 
of virus and juice from a resistant cucumber plant are 
allowed to stand for 10 hours or more, the virus becomes 
inactive.. Whether this action is lethal or due to 
absorption of the virus units by colloidal material is a 
problem yet to be solved. It is also evident that further 
study needs to be made on the proper techjaique to be used 
in preparing samples of cucumber mosaic virus. 
/ 
I 
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/ TYPES OP CTJCUlaBEK MOSAIC 
/ In any study of a plant virus, the question of phys-
/ ' 
ipioglc specialization always arises. This is especially 
if the problem involves the production or isolation 
i 
/of resistant lines or varieties. 
/ 1 
! At ore sent there is evidence both for and against the 
/'idea of physiologic specialization among the causal agents 
lof plant virus diseases* Jagger (27) in 1917, v/orking with 
cucumber mosaic, suggested that two types of mosaic virus 
produced disease in the cucumber, one of which caused 
;"white pickle," stunting of the plants and mottling of the 
' jleaves, whereas, the other virus produced only loaf mottling. 
i ^ • 
•j ite-ter he (29) reported that a mosaic virus occurred on 
' /summer crookneck squash and pie pumpkin which could not be 
(/'.transferred to cucumber, Schultz and Polsom (42) described 
I l^even distinct virus diseases of potatoes, all of which 
I • ; 
;oWu^ on the Green Mountain variety. Pemow (2??) concluded 
1 
;tl|at the mosaic diseases on 19 different species of plants, 
of which belonged to the Solanaceae, could be divided 
I 
- in^o eight different types, four of which went to more 
'( I 
Vthaji one host. Johnson (30) showed that eij^t different 
' Wosa^ics were present on tobacco and related plants, deter-
1 
. fi 
\ \ 
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mined on the basis of their behavior to several factors 
used as tests. Bennett (4) has described three distinct 
mosaic diseases of the raspberry and two other diseases 
of the virus type* 
In contrast to the above evidence on the specializa­
tion of plant viruses, a few investigators have secured 
results which indicate that one virus may have a.wide host 
range and in addition produce either unusual symptoms on 
a particular host or have all signs entirely masked. 
Klwer (18, 19 and 20) was able to inter-transmit mosaic 
to species in 15 different families and 11 different orders. 
He did not prove, however, that he was dealing with the 
same virus in each case, Doolittle and Walker (15) trans­
mitted the virus of cucumber mosaic to 12 different genera 
which included plants of 23 species and 96 horticultural 
vai'ieties. Carsner (8) was able to modify the virus of 
curly-top in the sugar beet by passing it through any one 
of the three hosts; ChenopodiTim murale L., Ruciex crispus 
or Suaeda moguini to the extent that mild symptoms 
were produced when transferred back again to sugar beets. 
Walker (46) was able to modify the specific properties of 
the mosaic extracts secured from tomato, cucumber, or 
Physalis by inter-transmission from one to the other, thus 
11 
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suggestlng the possibility of a common causal agent. 
Hoggan (24 and 25) has presented evidence that Insects have 
a selective capacity either for a virus or for a host plant. 
This is of significance in that it emphasizes the importance 
of various methods of inoculation in order to determine 
the transraissibility of a particular virus. Mogendorf (33) 
was able to produce "fern-leaf*' of tomatoes regularly with 
the virus of cucumber mosaic when the peach aphid Myzus 
peraicae was used as the vector. 
In 1928 and 1929 an effort was made to secure host 
plants infected with cucumber mosaic from several local­
ities. Samples were seciired as follov/s: 
Host plant 
squash 
Cucumber 
Cucumber 
Cantaloupe 
Place 
Yonkers, H.Y. 
Manhattan, Kan. 
Chula Vista, Calif. 
Conesville, la. 
Cucumber Davenport» la, 
Turkish Tobacco Lexington, Ky. 
Asclepias syriaca Conesville, la, 
Courtesy of 
P.O. Holmes 
0.H. Elmer 
1.e. Jagger 
D.R. Porter and 
D.V. Layton 
Davis Greenhouses 
E.M. Johnson 
D.R. Porter and 
D.V. Layton 
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In addition to the above, samples of mosaic were 
collected at Ames, Iowa, on Asclepias syrlaca, cucumber, 
cantaloupe, crookneck squash, and nutmeg squash. Inocu­
lation trials vfith expressed juice from the above hosts to 
cucumber plants (?/hite spine variety) produced syniptomo 
similar to the ordinary "white pickle mosaic'* disease with 
two exceptions, namely, nutmeg squash and cucumber plants 
from the JDavis Greenhouses. Three attempts in 1929 to. 
produce infection in White spine cucumber plants vlth juice 
from, mosaic nutmeg squash plants failed. When the mosaic 
specimens were collected it vyas not Imovm what the host was, 
hence no inoculations were made back on the host from which 
the virus was collected. 
The sample of mosaic cucumber plants from the Davis 
Greenhouses was secured in March, 1929. The Davis Green­
houses are one of the largest groups in Iowa located in 
Bettendorf. Correspondence with this company in January, 
1929 indicated that mosaic was causing some trouble on their 
forcing cucumbers. Specimens were sent to Ames, but by 
the time they arrived the leaves were too dry and no mosaic 
was secured from them. Later Dr* I.E. Melhus visited the 
houses at Bettendorf and brought back specimens from which 
the first successful inoculations were made. 
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Inoculation trials were first made on cucumber plants of 
the White spine variety. Each plant became infected but 
the symptoms were somewhat different from those produced 
by the "white pickle virus." Inoculation trials were next 
made on the plants of the var. Chinese long and 100 per 
cent of the plants became infected. Subsequent studies 
during the summer and autumn (39) with this virus have • 
Shown that it is distinct from the ordinary "white pickle 
mosaic virus,'' described by Doolittle, based on period of 
incubation, symptoms, and hosts attacked. This virus will 
hereafter be referred to as Cucumber virus 2 since Johnson 
(31) has termed the "white pickle virus,'' (Cucumber 1). 
Experimental Results with Cucumber virus 2 
The first inoculations with Cucumber virus 2 were made 
in Kerch, 1929. Subsequent inoculations were made through­
out the spring and summer. Table 9 records the cucumber 
. plants subjected to infection with this virus. The inoc­
ulum used each time was taken from a young, vigorous grow­
ing plant showing typical s:,Tiiptoms of the disease. 
The data presented in table 9 show that out of 14 sets 
of plants v;hich were Inoculated, 100 per cent infection 
was secured in ten of them. A total of 209 plants were 
inoculated and 184 became infected, which is equivalent to 
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88 per cent. In addition to plants of the varieties White 
spine and Chinese long, some self-lines within these var­
ieties were used. 
The period of incubation for this virus varied v.'ith 
the environmental conditions and with the host used. The 
minimum period of incubation in all plants of the Chinese 
long variety was six days, the maximum 22. The majority • 
of the plants showed symptoms within 15 days or less. In 
the var. White spine the minimum period of incubation v/as 
five days and the maximum 11 days. 
in order to make a fair comparison of the incubation 
period between the two varieties, it is necessary to 
refer to the instances where both types were inoculated on 
the same days with the same inoculum. On June 22, four 
plants each of CL and W37 were inoculated. The fomer 
showed symptoms on tv/o plants in 11 days, the latter 
showed symptoms on two plants in eigh'fc days* On June 25, 
another test was run in which eight plants of CL16 and five 
of ^  were inoculated. The first ST/mptoms appeared on 
CL16 in eight days and on the TO in five days. On Jtuie 29 
A 
in another test, the results were somewhat similar, the 
first symptoms appearing on CL16 and CL4 in six and nine 
days, respectively, whereas on WS the first symptoms 
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appeared in five days. It is evident that tho period of 
incubation in the Chinese long variety is one to three 
days longer than in the var. ?/hite spine. 
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Tablo 9. Reaction of cucumber plcnts to Cuciimber virus 2. 
T J ~ ~ Date : Total inoc-' 
Source of virus:Plants in~:Date in- :s:nnptona:ulated 
' A-  ^  ^
/ 
Cucumber fi'om ws Mar. 5 Mar, IS 15 
Bettendory 
White spill© GL ri 25 Apr, 7 
cucumber/ It 11 17 It 16 17 
n ; CL4-1 H 25 ft 7 
!T 11 21 
It 16 
It CL4'»"1'"2 It 25 n 7 
/ •  
f i  11 20 
/ 
/I 
u 16 
t.!{ CL8-1-8 May 5 May 21 
!:' ' ti 23 23 
It 24 17 
/i 
ti; ^ CL8-1-8 n 24 June 1 
'•  ^
tl 3 71 
tt 8 
:/? « : X25 June 22 ts 30 
/'; i July 1 6 
; ! \ K 3 
f /I n CL n 22 « 3 4 
1 V 6 ? 
; • "  WSV-l-l V 22 June 30 4 
July 3 J 
n 
\ CL16-1 « 25 n 3 8 
V 4 I 
, i" WS tt 25 June 30 
y July 1 5 
2 
\ 
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Table 9. Continued. 
- - -- ;Total inoc-
Source of virusrPlants in-:Date in- tayinptoina;ulated 
toculated roculated ;appeared;Total Infected 
White spine CL16-1 June 29 July 5 j6 
cucumber " 6 5 
"  W S  " 2 9  " 4 6  
vr 5 • 
CL4-1-2 29 " 8 3 
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Comparlson of Cuctunber viruses 1 and 2 
It has already been stated that Cucumber virus 2 differs 
from the "white pickle virus" in period of incubation, 
symptoms and hosts attacked. Comparisons bearing on the 
incubation period can only be made on a host susceptible 
to both viruses and since the Chinese long cucumber is 
relatively resistant to Cucumber virus 1, a study was made 
on plants of the var. White spine using both selfed-lines 
and open pollinated material. 
Table 10 presents some data from which it appears that 
the incubation period for Cucumber virus 2 is two to four 
days longer than for Cucumber virus 1. The number of days 
required for the first symptoms to appear when Cucumber 
2. was used were four, four, four, and tv/o, respect­
ively, for the four different sets of inoculations made. 
On the contrary, the Incubation period for Cucumber virus 2 
was eight, four, and six days, respectively, in the throe 
sets of inoculations made. It was also evident from these 
data as well -as from many other tests that a higher per­
centage of the plants become infected when Cucumber virus 2 
was used than was the case with Cucumber virus 1, In 
table 10 the data show that 100 per cent infection occurred 
with Cucumber virus 2 and only 73 per cent with Cucumber 
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vlru3 1* Data from table 9 show that even \7ith a rel­
atively large nizmber of plants, 88 per cent become infected 
in tests with Cucumber virus 2, 
Table 10, Relative periods of incubation for Cucumber 
viruses 1 and 2. 
Virus used :Plants: Date 
Date ;Total inoc-
symptomstulated 
Cucumber virus 1 WS June 15 June 19 5 
7 
Prom milkweed WSV-l-l It 22 M 26 5 
15 
i» WS n 25 II 29 
July 1 10 
n 3 T 
11 WS n 29 « 1 6 
li 3 Z 
Cucumber virus 2 WS7-1-1 H 22 June 30 4 
from White spine July 6 4 
II WS7-1-1 II 25 Jime 29 
July 1 5 
It 6 
n WS o 29 ti 5 6 
ij 8 
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Symptoms of Cuciimber viruses 1 and 2  
One of most outstanding differences between 
Cucumber viyuses 2. and 2 is the effect produced on hosts 
of the same/strain or variety. The symptoms of Cucumber 
virus 1 a^yobserved by the writer are similar to those 
describe4 by Doolittle (13), except that iinder greenhouse 
/ ; 
conditions there is little or no mottling produced on 
young vig<j)rous plants, which have developed the fourth 
leaf aboyb the cotyledons at the time of inoculation. 
S^^ch plants show a marked stunting effect two or three days 
after inoculation. The leaves which receive the inoculum 
/ 
Usually'droop, curl downward and present a leathery appear­
ance., 
( '• 
I •, 
' Syin^tcxtts produced by Cucumber virus 2 in the early 
stages o|l? infection are distinctly different. The first 
tpigns ocicur either on the terminal leaf or on the ones re-
/ceivin^ithe inoculum, in the form of one or more yellow, 
jl irregular shaped spots. Later these spots increase in 
j number' a^d produce a densely mottled pattern of yellow and 
' green as \shown in plate 2. Ho stunting effect is manifest 
ii \ 
until' a f^w days after the first symptoms appear. The 
termiiil^il lieaves do not droop, but remain rigid throughout 
the life of the plant. The writer has never observed any 
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vislble syraptoms of infection on the fruits, 
Plate 3 shows the response of cucumber plants to 
Cucumber virus 1, The marked stunting of the ^  plant on 
the right is a decided contrast to the CL plant on the 
left. The center plant, which is an hybrid of GL x WS, 
shows an intermediate reaction. This plant is X25 recorded 
in table 9. Plate 4 is a duplicate of plate 3, except 
that Cucumber virus 2 was used as the inoculum. Each of 
the plants in these two figures is representative of 
several of the same kind. 
Differential Hosts 
Elmer (21) and the writer (36, 37 and 38) have re­
ferred to the high degree of resistance in cucumber plants 
of the var. Chinese long to "white pickle mosaic." Further 
data on this point has been presented in another chapter 
of this paper. In contrast to the resistance of this host 
to Cucumber virus 1, is its striking susceptibility to 
Cucumber virus ^  as shown in table 9. The Chinese long 
cucumber then, is a differential host for these two viruses. 
Another differential host apparently is the watermelon 
(Cltrullus vulgaris Schrad), Thus far, plants of the var­
ieties Tom watson, Kleckley sweet, Cuban queen. Mountain 
sweet, Halbert honey, Thurman gray, and Phinney*s improved 
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have heon. used, in the inoculation tests* Infection d.oes 
not occur as readily as it does in varieties of cucumber, 
but mosaic symptODis have been produced experimentally in 
the greenhouse on plants of all the varieties mentioned 
above. Some of these plants were later transplanted to 
the field and the virus again recovered by inoculation 
into cucximber plants. The symptoms on young plants wefe 
faint to prominent mottling of the juvenile leaves followed 
by either a slight or severe stunted appearance. Plate 5 
shows the relative size of infected and non-infected water­
melon plants. Older plants in the field masked the symptoms 
although faint mottling often occurred in the terminal 
leaves. Plate 6 shows both healthy and mosaic leaves taken 
from Tom watson plants and plate 7 shows the small terminal 
leaves on Tom watson plants as a result of infection with 
Cucumber virus 2. Table 11 presents some data bearing 
on the susceptibility of watermelon varieties to Cucumber 
virus 2. 
Table 11, Reaction of r/atermelon plants to Cucumber virus 2, 
"r Date :Total inoc-
: syrnpt oms tUlated 
;appeared;Total infecteia 
Source of virus Plants Inoculated : Date 
1929 
J\m0 19 
" 30 
July 10 
Wtilt© spine - filtrate 
from fritted glass 
filter 
White spine 
1929 
June 13 
Tom watson watermelon 
from greenhouse 
Tom watson watermelon 
from field 
CLl-1-1 
Cuctimls angurla 
carried through the 
winter 
Tcan watson watermelon " 13 
transplanted to field July 28 
(watson X citron) June 13 
Tom watson July 15 
Tom watson watermelon Aug. 1 
White spine 
CLl-1-1 
« 1 
Sept•11 
Tom watson watermelon Oct. 6 
WS9-1 
WS7-1-2 
1930 
Apr. 10 
" 10 
5 
S 
3 one trans. 
Transplanted to field 
June 28, symptoms appear­
ed on two about July 12, 
July 27 
Aug. 10 
" 8 
Sept,25 
Oct. 16 
1930 
Apr, 26 
26 
2 
3 
5 
3 
3 
5 
3 
2 
T 
3 
•2 
2 
Table 11. Continued# 
Source of virus 
•7 —— - - 'Total Inoc-
5 Plants Inoculated : Date tsymptomarulated 
: ;appearediTotal inrected 
Cucuniis angiiria 
carried through the 
winter 
White spine virus se­
cured from Davis 
Greenhouse in March, 
19S0 
X25 
X21 
Kleckley watennelon 
Halbert honey " 
WS9-1 
WS7-1-2 
X25 
X21 
Apr.10 H one 
" 10 Apr. 26 
10 May 5 
10 
" 11 Apr, 27 
11 
11 
Thurman gray 11 
26 
28 
11 None 
Cuban queen watermelon " . 11 May 5 
2 
T5 
2 
•5 
5 
-s 
4 
2 
"5 
2 
IS 
1 
T 
1 
0 
I 
Oi 
w 
I 
4 2 died early 
" from wilt. 
4 3  died. 
T 
Table 11« Continued 
Source of virus : Plants inoculated • Date 
; Date jTotal inoc-
: s3nnpt0ins:ulated 
:appeared;l'otal infectedf 
White spine virus se­ Mountain sweet Apr, 11 May 5 4 
cured from Davis 
Greenhouse in March, 
11 " 6 1930 Kleckley sweat water­ 4 
melon "5 
Phinney*s watermelon " 11 Apr# 50 4 
z 
I 
c» 
tP' 
I 
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In addition to watermelon, infection with Cucumber virus 
2 was secured on plants of the African citron (Citrullus 
vulgaris) and Green seeded citron (Citrullus vulgaris) as 
shown In table 12. The symptcans were similar to those on 
watermelon and are illustrated in plates 8 and 9. These 
two hosts were also susceptible to Cucumber virus 1, Two 
plants of each were inoculated on October 6, 1929 and one 
of each developed prominent mottling on October 11» . 
Stimting was observed and the mottling was more pronounced 
than when Cucumber virus £ was used. 
The writer has never been able to produce Infection 
in watermelon plants of any variety with Cucumber virus j.. 
Jagger (28) states that he secured infection on two water­
melon plants, var. Cole's early, with cucumber mosaic, but 
he did not prove the presence of the virus by cross inoc­
ulation to cucumber, Doolittle and Walker (15) were imable 
to produce mosaic on Tom watson, Halbert honey, Kleckley 
sweet. Mammoth Santiago, Olds 1908, and Sweet heart water­
melons. Mosaic in the field has never been observed by the 
writer on watermelons in Iowa, except on Pi plants of a 
watermelon-citron hybrid. In two cases, the virus has been 
recovered from such hybrid plants and transferred to cucumber 
plants of the White spine variety, wherr3 typical symptoms 
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Cucton'ber vlraa 3. were produced. 
Effect of Filtration on Cucumber virus 2 
Only one attempt'has been made to filter the active 
agent in cucumber virus 2. In this Instance infected 
leaves from a White spine cucumher plant were macerated in 
a mortar, sterile water added, and the mixture was then 
poured into a fritted glass filter Ko. 7. The filtrate 
was used to inoculate watermelon and cucumber plants , 
as shown in table 11» The filtrate proved highly infectious. 
At the same time, the residue, to which a small amo\mt of 
water had been added, was used to inoculate five White 
spine plants on June 13, One plant developed mosaic on 
June 28. 
Table 12. Keaotion of citron plants to Cuourober virus 2, 
: Da'tie iTotal Inoc-
Date :3yraptoiac;ulftted 
;appeared{^otBl infected 
Source of virus : Plants inoculated 
—mr 
Oct. 6 Oct. 16 
1930 
Apr. 10 May 5 
CL1*1«2 
CucuEQis anguria 
African citron 5 
V 
5 
S 
50 15 8 
S 
Oreen seeded citron 10 5 4 
30 15 8 
White spine virus se­
cured from Davis 
Greenhouse in March, 
1930 
African citron 
Green seeded citron 
11 
11 
5 
15 
4 
4 
I 
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Dlstrlbution of Cucumber virus 2 
Ho extensive effort has been made to determine the 
d3 5?tribution of Cucumber virus 2. Jagger (27) in 1917 re-
ported a separate and distinct mosaicidisease of cucumbor 
near Rochester, Hew York. He found tlkat it produced a 
mottling of the leaves, but showed noieffect on the fruits. 
Ho further description of the symptom^ vas given, hence 
it is difficult to make a direct conp4riV.on with Cucumber 
virus 2. Jagger suggested that the disease he worked with 
^ ^  I 
might be the same as reported by Selby in ^io and by Stone 
in Massachusetts. Cucumber virus 2 i^as beeii^vfound in only 
I \ \, 
one locality in Iowa to date, whei'ea^, Cucug|be,r vir^s 1  
is widespread# It is of some significance, Jib^wever, that 
raoeaic cucumber plants were secured by mail if,roi;t! the Davis 
Greenhouses in March, 1930, just one year later \than the 
first sample. Inoculation trials on cucumber, watermelon, 
and citron plants resulted in infection witji symptoms 
; ' H 
identical to those secured the previous year, as shown in 
•t 
tables 11 and 12. The present indication is that the 
range of Cucumber virus 2 is limited. \ 
; f 
/ I 
I 
I :i 
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HYBRIDIZATION EXPT2KIMEHTS WITH CUGUMBEHS 
1. Deaerlption of the var, Chinese long 
The common edihle cuciamber used Europe and Horth 
America is classified botanically as Cucumis sativus L* 
Bailey (1) states that although there are many varieties 
of the species in cultivation, in general the group is 
variable with unstable species and indefinite varietal 
distinctions. He says, however, that certain types are 
dominant, that these types may be separated and most of 
the varieties can be conveniently calssified around these 
types. The principal types, according to Bailey, are as 
follows: 
I, English forcing type (var. anglicus). Large 
leaved, strraig grov;ing, slow maturing plants? 
fr. large, long, smooth, usually green with few 
or early deciduous black spines. Three conmier-
cial varieties are given und'&i:- this type. 
II. Field varieties. 
A, Black spine, 
1, Hetted Russian. 
2. Early cluster. 
5. Medium green. 
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4. Long green type. One of the best fixed var­
ieties, representing perhaps one of the more 
primitive stages in the evolution of the 
group. Vines large, long and free growing; 
fr. large and long, green, ripening yellow, 
with scattered black spines. Long green 
and Japanese climbing are representatives•of 
this type. 
B. White spine varieties, 
1, White spine type. 
2. Giant peru type. Mostly poorly fixed var­
ieties having large, rather unthrifty vines, 
bearing large frs, tardily and sparsely, 
which are y/hite or v/hitish, smooth or with 
scattering, deciduous, usually v;hite spines. 
This type is represented by Chicago giant. 
Giant peru, and Long green china. 
Cucumber plants of the var. Chinese long are similar 
to plants ,of some of the ?;hite spine varieties. The leaves 
average slightly larger, have a deeper green and have a 
mors leathery or coarse texture than leaves of the Arlington 
improved white spine. The flowers also are usually larger, 
opening out with broad petals. The main point of differ­
-71-
entiation is in the size and shape of fruits which in the 
Chinese long are long and slender-necked, often curved or 
crooked like a crookneck squash. In the greenhouse and 
field these fruits may grow to be 24 inches long and two 
to two and one-half inches thick at the greatest diameter. 
The fruits are not a pickling type but they are satis­
factory for slicing purposes. Plate 1 shows typical fruits 
of this variety. The fruits, when young, are well covered 
with white spines which shed as the fruits mature. The 
vines grow more rapidly in the greenhouse than 7i?hite spine 
plants but in the field they do not branch so profusely. 
In China this variety is used almost exclusively as a 
climbing cucumber where it produces an abundance of green 
fruits which ripen yellow. 
Bailey (2) states that the fruits of the var. anglicus 
produce few seeds, a condition confirmed by the writer's 
observations but such a tendency has not been observed in 
the var. Chinese long. The later hybridizes readily with 
plants of both the White spine and Chicago special var­
ieties but two attempts to cross it with Rollison's tel­
egraph representing the var. anglicus failed. 
It is evident that the Chinese long cucumber is 
closely related morphologically to White spine, Chicago 
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spocial, and Davis perfect and should be grouped in the 
species Cucumis sativus L. It is not a black spined var­
iety, therefore it cannot be grouped with Long green in 
Bailey*s classification nor tinder the Giant peru type be­
cause the fruits are green, ripening yellow. Physiologi­
cally it. Is unquestionably different from all other var­
ieties thus- far studied in its reaction to mosaic. 
2 ,  Production of Hybrid Cucumbers 
The undesirable fruit type of the Chinese long for 
pickling purposes led to hybridization experiments betv/een 
it and American sorts with the pickling type of fruits. 
Dr. O.H. Elmer made the first crosses using plants of the 
Arlington improved white spine variety as one of the 
parents. The symbols used are given below: 
CL r Chinese long. 
?iS s Arlington improved white spine. 
X s Cross: CL o x WS o. 
R - Reciprocal cross: WS o x CL o. 
B r Back cross of o x CL o or the reciprocal, 
B^= Back cross of o x WS o or the reciprocal. 
Xla-1 - selfed one generation. 
CL-1 - CL selfed one generation. 
iV'S-l s WS selfed one generation. 
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All of th© pollination work v/as carried on in the 
greenhouse using a snjall camel's hair brush to transfer 
the pollen from the staminat© to the pistillate flowers. 
The plants used were grown either in eight—inch pots or 
benched in soil* Practically all of the pollinating was 
done in the early morning between the hours of .5:30 and 
7:30 soon after the flowers opened. After pollination • 
each fruit was tagged and the flower petals tied shut, with 
a string. Insects were not common and it was noticeable 
that fruits not artificially pollinated usually died from 
lack of fertilization. 
The Ft generation. 
The first crosses between Chinese long and White spine 
were made with plants from open pollinated fruits, partly 
because no selfed lines were available and partly because 
it seamed possible that the Chinese long was homozygous for 
mosaic resistance. This latter hypothesis was based on 
the fact that no infection was secured on plants of this 
variety duri^ig the seasons of 1926 and 1927. Ihie to the 
dioecious character in Cucumis sativus, hybridization can 
be accomplisjhed readily. The first hybrids were designated 
as XI, X3, ^ 6, X8, X9, Xll, X12, X14, X16, X21, X22, Rl, 
R9, Rll, R^., and R14. As soon as the fruits resulting 
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from the cross were ripe the seed was removed, dired, and 
a fev/ seeds of several crosses planted in pots in the 
greenhouseImplants which developed were then inoculated 
with the virus of cucumber mosaic. Three plants per pot 
were allowed to remain, of which two were inoculated and 
the third one left as a check. The Pi plants thus tested 
were XI, X3, X6, X9, X8, Xll, X12, and Rll. In each cage 
all plants inoculated developed mosaic which indicated that 
susceptibility to mosaic was completely dominant» The un-
inoculated plants from each set were benched, and one or 
/ 
two fruits were self-pollinated on each plant.i^^ybrid vigor 
in the Pi generation was pronounced, as evidenced by the 
rapid growth, large leaves, and large fruits produced on 
the plants. The fruits produced v;ere not all of the same 
shape or color. None of them were typical of the Chinese 
long, nor were they short and cylindrical like those of the 
White spine. They were more of an intermediate type between 
the tvfo j^«.rents. The fruits ranged from seven inches in 
length and seven and one-half inches in circumference to 
14 inches long by nine and one-half inches in circtmberence, 
at the greatest diameter. Most of the fruits were green 
but a few on certain plants were either yellow or greenish 
white, a condition probably explained by discovering later 
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that the Chinese long parent in that cross produced yellow 
or white fruits when selfed one generation. As a result of 
these tests, it seemed evident that susceptibility to 
mosaic was a dominant character but that the fruit type of 
the Pi was intermediate. Later tests with plants raised 
some question as to the ccanplete dominance of suscepti­
bility. On April 4, 1928, 20 plants of X3 were inoculated 
and 10 became infected. The per cent infection on the 
checks was 76.2. Again or. 1, 15 plants each of X21 
and R9 were inoculated. In each case only two plants 
became infected. On the follov/ing day. May 2, mosaic 
virus was taken from the same plant as used the previous 
day and It produced infection in 69.2 per,cent of the ^  
plants inoculated. 
Reaction to mosaic in the P^. and P4 generations. 
Seed for each generation of plants was secured from 
selfed fruits exhibiting the short pickling type grown on 
mosaic res?.atant plants of the preceding generation except 
in the case of the Pi. All plants subjected to mosaic 
were Inoculated with Guctanber virus 1. as described on page 
These studies were conducted from early spring to early 
winter during 1928 in the greenhouse and at different times 
the environmental conditions were somewhat unfavorable for 
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the gro?/th of cucumbers. In July and August, excessive 
heat often kills some of the plants and after November 15 
the hours of daylight are too few for normal growth. 
It was impossible, under these conditions to take satis­
factory readings on fruit type because some plants became 
so sttanted after inoculation that no fruits were produced. 
It v/as even difficult to get dependable readings on the 
response to mosaic inoculation because of variation in the 
growth of the plants as wall as in the source of the virus 
used. In table 13 the summarized results of tests for 
mosaic reaction in Pg plants grown from four P]_ lots are 
presented. 
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Table 13. Reaction to mosaic in P2 cucumber hybrids. 
Exp, 
• 
: Seed 
:Number 
: inoc- : Date Total living 
; :Per cent 
:Katio:mosaic on 
No. :source :ulated • • Total infected:I:P-^ : checks 
1 X6a-1 38 7-24-27 23 2.3:1 — 
2 X6a-1 46 5- 2-28 46 
17 
0.6:1 69.2 
3 X9a-1 21 7-24-27 17 
T 
0.55:1 mm mm 
4 X9a-1 45 5- 2-28 45 0.36:1 69.2 
5 X9d-1 31 7-24-27 26 
TI 
0.71:1 
6 X9d-1 47 5- 1-28 47 0.07:1 69.2 
7 X9C-1 13 3- 2-28 13 
"T 
1.16:1 •• mm 
Totals 241 227 0.53:1 
r infected, 
P s free or non-Infected. 
The numher of P2 plants produced from any given Pj^ was 
not sufficient to determine genetic ratios either for 
reaction to mosaic or for fruit shape. Space was inadequate 
to grow large numbers at any one time and in addition the 
number of fruits per plant as well as the number of seeds 
per fruit is always limited. The ratios of infected to free 
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varled from 0.7:1 up to 2,3:1 and the average ratio was 
0.53:1. This average may not be an indication of actual 
segregation into susceptible and resistant groups because 
the per cent mosaic on the checks in 1928 was only 69.2 
and no checks were Inoculated in 1927. The tests v;ith 
the P2 generation were all run, hov/ever, at a season of 
the year when the plants were growing rapidly and mosaic 
was more readily expressed under such conditions than at 
any other time. Plants from three of the lots were grown 
both in 1927 and in 1928 and even in those cases there was 
variation in the ratios of infected to non-infected plants. 
This may be partially explained by the fact that the virus 
used was from different sources. In adi?ition the number 
of plants inoculated in each case v/as small so that varia­
tion in ratios was to be expected. 
Another difficulty in making an analysis of the 
behavior of the character for mosaic resistance is that 
the original parent material was undoubtedly not homozygous 
either for resistance or for susceptibility. It has 
already been shown that some resistant lines in the var. 
Chinese long have been isolated but they were not used 
in the crosses v/hich produced the Pg plants referred to 
in table 13. There is also evidence that the White spine 
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v&riety is not complsfcely lioiiiozygous for suscsptibility 
and until such homozygous lines, both for susceptibility 
and resistance, are available it will be difficult or 
even impossible to determine any reliable ratios. Prom 
the pathological and economic standpoints, however, it 
' i ' 
may be of some signifiaaace that apparently resistant 
plants with fruits of 4 short pickling type appeared in , 
; ;i •. 
the Pg generation. j \ 
' 1 '• 
The Fg generation cotisisted of 165 plants grown 
from seed of three different Po plants whose parentage 
I 
was the hybrid X9, since other l^i^es matured fruits. 
The inoculations were mad^ in Kovemj^ei^:), 1929 and in Feb-
/l : ; \ 
ruarv, March and May, 1920.', Table ,14 shov/s the summarized 
* ! I 
results of those inoculations* 
\ 
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Table 14. Reaction to mosaic in Pg cucumber hybrids. 
! :Number! ^ ;Per cent 
Exp.: Seed ;inoc- : Date tTotal living ;Ratio;ciosalc on 
Ho. ;8 0urce;ulated: zTotal Infected:I;;checks 
1 X9d-1-1 21 11-14-27 15 
lU 
2:1 — 
2 X9d-1-51 34 11-14-27 14 
"1^  
0.4:1 — 
3 X9d-1-31 67 2- 2-28 67 
"T 
0i015:l 3i2- • 
4 X9d-1-31 4 3- 9-28 4 1:1 33i3 
5 X9d-1-31 19 5- 2-28 19 
-s 
0.7:1 69.2 
6 X9a-1-1 46 5- 2-28 46 1:1 69.2 
- Infected. 
P a free. 
It is apparent from the data in table 14 that no 
additional information regarding the segregation of the 
character for resistance to mosaic was secured. In most 
cases the manber of plants was small except ^fith X9a-1-31 
but unfortunately the inoculations were made at four 
different dates. The results secured on February 2, 1928 
were Undoubtedly unreliable due to limited sunlight as 
Indicated by the lov/ percentage of mosaic on the check 
plants. The data for experiments 2, 4 and 5 v/ere scsnev/hat 
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compBrable, representing a total of 37 living plants of 
the same lot, from which the average ratio of I:P was 
0«6;1. 
This ratio was not far from that of 1:1 secured with 
the hybrid X9a-1-1 v/^here 46 plants wore used in the test. 
It is prabable that the experiments conducted on May 2, 
1928 were more dependable than any others cited in table' 
14. In one set of inoculations 50 and in another 42.1 per 
cent of the Pg plants became infected with mosaic as 
compared with 69,2 per cent of the checks* 
It should be stated again that all seed lots used 
came from fruits of the short pickling typo grown on 
plants '.vhich had resisted infection with mosaic, except 
in the case of the plants from which seed for the F2 
generation was secured. 
Tests with the F4 generation were limited to a small 
number of plants secured from one fruit each on two sep­
arate plants of the hybrids X9a-l-l-4 and X9d-1-31-10 
grown in Decem-ber, 1927. This seed ^vas planted in April, 
1928 and on May 9, inoculations v;ere made into 13 plants 
of one set and 23 plants of the second set. Each fruit 
came from a plant which did not take mosaic following one 
inoculation and the fruits were of the short type. Of 
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th© first set, two plants, and of the second set nine plants 
developed mosaic. The check plants showed 59 per cent 
infection or an I;P ratio of 1«44 to 1. 
The data on the reaction of Fgt P3 and P4 hybrids to 
mosaic are far from conclusive as to the possibility of 
segregating the resistance character of one parent and com­
bining it with the desirable short pickling fruit type of-
the other. There is some reliable indication of this com­
bination shown in the experiments presented in table 9 
and also in experiments 5 and 6 in table 10. More complete 
evidence of this condition will be presented in the section 
dealing v;ith backcrosses. 
Reaction to mosaic in plants from backcrosses. 
In the spring of 1927 several backcrosses were made 
with plants on each parent using several combinations. 
The crosses made and the designation of the resultant 
fruits are presented below in tabular form: 
Length of fruit Color Designated 
^ ^ inches by 
X12 CLll 11 (Ireen Xl2i3 
Xll CL5 13i " XllB 
X8 CL6 9 Greenish X8b 
white 
X6 CL6 — Green X6B 
X3 GL6 10 Greenish XSB 
white 
OLL X7 18 Green CLLBL 
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Pl*s Length of fruit Color DesignJ 
0 0 inches 
GL6 XI 18^ Green CL6B1 
CL6 Xll — i« CL6Q2 
CLl X8 17 tr CL1B2 
X15 WS7 12| tt XlSh 
X16 WS7 12 ye How X16b 
XB WS7 9 Green X8b 
Kll CI2 14 Greenish RllBl 
white 
Rll CLll 14 H R11B2 
CLll Rll 14 White CLllBl 
CLll Rll - - tt CL11B2 
GL6 Rll 22 Green CLSBS 
CL2 Rll 14 Yellow GL2B 
R9 WS7 12 II R9B«1 
R9 WS7 111 Green R9B»2 
R9 WS7 10 yellow R9B»3 
R9 WS7 al­ Green R9B'4 
R9 WS7 ls yellow R9B*4 
R14 WS7 Hi Green R14B»1 
R14 WS7 13t Greenish R14B»2 
white 
R15 WS7 9| Green Ri3B» 
The system used in designating the backcrosses is 
such that the original female parent is indicated in the 
first letter, for example, X12B is a backcross on Chinese 
long as male parent with an Pi in which the Chinese long 
is the female parent. Also R13B* is a backcross on White 
spine used as the male parent with an P-j^ in which White 
spine is the female parent. 
Beginning in May, 1928, seed from six of the back-
crosses were planted in flats and the plants produced were 
inoculated in June with Cucumber vims 1. Several days 
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after Infection developed on part of the plants, the non-
infected ones were roinoculated, benched and allowed to 
grow for several v/eeks in order to allow ample time for 
later development of mosaic. Plate 10 shows the response 
of plants from seed of R13B* just nine days after inoc­
ulation. Susceptible plants of this lot were badly atiinted 
but the non-infected plants made rapid growth. The final 
readings on all lota wore made July 10 and the results are 
presented in table 15 in two parts shov7ing the response 
of backcrosses with on (1) Chinese long and (2) ?/hite 
spine » 
Table 15. Response to mosaic by cucumber plants fran 
backcrosses, 1928. 
* • 
» • : Date 
Backcross :No. plants: Date ; final Ho. Ratio I:P 
number •inoculated; :readings infected 
CLllBl) 29 6-12-28 7-10-28 13 0.81:1 
CLIBI ) 50 Tl n 16 1.14:1 
XBB ) 29 tl 13 0.81:1 
X6B )1 30 6-13-28 tl 17 1.3:1 
RllBl ) 30 t! u 12 0.67:1 
Total ) 148 71 0.92:1 
R13B'^ 30 6-12-28 tj 21 2.3:1 
* CL. 
^Pl X WS. 
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At the time the inoculations viere made all plants in 
the greenhouse were in excellent growing condition and they 
continued so until late in JUly It is evident therefore 
that at least some of the inoculated plants which -.vere non-
infected, were in reality resistant. On the basis of the 
results secured in the first part of table 15 the indica­
tion is that mosaic resistance may be due to a single 
factor difference segregating in an ordinary monohybrld 
ratio. This point needs further investigation with a 
larger population before any reliable conclusions can be 
drawn. It is of Interest that when the backcross of Pi x 
WS was used a higher percentage of infection took place 
which is what would be expected. If mosaic resistance 
^fre due to a single factor difference and susceptibility 
were completely dominant all progeny of this backcross 
should be susceptible# 
Further study of the reantlon to mosaic in backcrosses 
was made during 1928, 1929 and in the spring of 1930. In 
table 16 the results of all the tests not given in table 15 
are presented. It should be stated again that the source 
of the mosaic virus used each year was from different 
localities, a condition which may have modified the results 
to some degree. In the summer of 1928 seed from one selfed 
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fruit of a mosaic free plant of R13B' v^ere saved and planted 
in the fall of 1929. All plants which resisted infection 
after the first inoculation, were subjected a second time 
to an inoculation with mosaic virus. The total number of 
nine which remained free contained no virus as shown by 
three unsuccessful attempts to cross-inoculate from each 
of these nine to plants of susceptible varietiesj on which 
no mosaic developed. Ko seed was saved from any of these 
nine plants because the fruits did not mature. In the 
spring of 1950 two sets of plants of this same strain, R13B* 
1 and from the same seed lot were subjected to inoculation 
at three and two successive times respectively and 14 
plants out of 34 remained free from infection as far as 
outward symptoms were concerned, Plate 11 shows a plant 
of CL8-2 and two plants of R13B*-1 each with a fruit of 
the pickling type. One of the latter remained free from 
mosaic, the other became mildly infected. 
An important' condition noted in one test was the 
decided lack of stunting exhibited by infected plants. 
This was definitely apparent in plants from the backcrosses 
of CL11B2 and GLlBl shown in table 16. None of the 42 
infected plants of CL11B2 and only one of the 30 infected 
plants of CLlBl wero stunted. This condition was similar 
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to what occurred with both open pollinated and selfed lines 
of the Chinese long parent and may be of significance 
since it was noted only v/hen the Pi was backcrossed to the 
CL parent• It may b© an indication that complete resistance 
to mosaic is due to ccanplementary factors and that tolerant 
plants may possess most of these factors but not enough to 
prevent the expression of mild symptcsns of mosaic. If, 
on the other hand, resistance to mosaic is due to some 
physiological condition of the host, a condition possessed 
more by the Chinese long than by susceptible varieties, 
then a higher percentage of plants from backcrosses in 
which the resistant parent is crossed v/ith the should 
exhibit the resistance to stunting. 
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Table 16. Reaction to mosaic by cuctimber plants from 
backcrosses, 1928-1930. 
: No. : Ko. • • 
Back- :plants: : Date ; times 
cross ; inocu -: Date : final :inocu-:No. in- Ratio 
number :1ated : : readings :1ated :fected I:P 
CL11B2 49 7-27-29 8-12-28 1 42 
CLIBI 47 7-27-28 1 30 .  - -
HllSl 47 8-27-28 9-12-28 1 23 
CLlBl 15 4-10-30 5-22-30 2 6 — 
RllBl 20 u 1 10 — 
Totals 178 X CL) 1 111 1.66:1 
R9B»1 23 (PI X WS) 
4-10-30 ri 1 12_ 1.09:1 
I113B*-1 29 9-12-29 11-15-29 2 20^ — 
RlSBJ^l 14 3-30-30 5-22-30 3 6 --
R13B*-1 20 4-10-30 n 2 14 
Totals 63 X WS) 40 1.74:1 
1 Cross Inoculations at three successive intervals were made 
from the nine resistant plants to ^  plants. No infec-. 
tion took place at any time. 
Although the data presented in tables 15 and 16 do 
not explain the behavior of the character for mosaic re­
sistance, the evidence indicates that resistant plants 
can be segregated out by means of backcrossing and that 
some of these plants possess the short pickling type of 
fruit which is of considerable significance from the 
! i - C C - r - . " V  
Standpoint of mosaic contrt^. Further study should be 
made to detemine if the combination of these two 
desirable characters has been fixed. 
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SUMMARY 
The cucTjmber variety, Chinese long, was found to be 
highly resistant to the virus of "white pickle mosaic" 
(Cucumber virus 1). A small percentage of the population 
became infected to a moderate degree but such plants were 
decidedly tolerant to the virus, exhibiting no.retardation 
in growth. Several inbred lines showed as high.as 50 per 
cent infection with no loss of vegetative vigor, following 
inoculation. 
Tolerant plants often outgrew the symptoms and in 
such instances the virus was recovered by cross Inoculation 
to known susceptible plants. In one case mosaic was 
successfully transferred fran an inoculated plant on which 
no symptoms were observed. Paint to prominent mottling and 
in one case curling of the terminal leaves were the most 
common symptoms of mosaic on tolerant plants. Such symptoms 
as "white pickle" and stunting were not observed. 
A new type of mosaic, termed Cucumber virus 2, was 
secured fran the Davis Greenhouses near Davenport, Iowa. 
Seven varieties of watermelons, African citron. Green 
seeded citron and the Chinese long cucumber were found to 
be highly susceptible to this virus, stunting and mottling 
were conmon s;i7mptoms in the greenhouse but in the field the 
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plants often outgrew the s^nnptans. 
The incubation period for Cucumber virus 2 is from 
tvo to four days longer in plants than for Cucumber 
virus' 1, Stunting was not so pronounced on V?S plants 
with this new type of mosaic as v/ith ''white picklo mosaic" 
/ 
and in no case were syinptcms detected on the fruits when^ 
Cucumber virus ^  was used. 
Cucumber virus 2 may be the same virus briefly de­
scribed by Jagger (27) in 1917 but no data bearing on this 
point were secured» The present indication is that the 
geographical distribution of this virus is limited. 
Plants of the var. Chinese long are morphologically 
similar to plants of the var. Arlln^jton improved white 
spine except in fruit shape which in the former variety 
is long and slender. Many fruits were tv;o foet in length. 
It is evident that this variety should be classed as 
Cucumis sativus L. 
Hybridization between the varieties Chinese long and 
White spine was readily accomplished. Susceptibility to 
mosaic v/as found to be dominant in most of the inocula­
tion trials and the fruit type of the Pi was intermediate, 
resembling more closely that of the White spine parent. 
Segregation for resistance and susceptibility occurred 
in the P2, F3 and P4 generations and in the first genera­
tion from the backcross of Pi x When the backcross of 
X CL was used the segregates were more commonly resis­
tant and tolerant plants# Nine plants out of 29 of the 
selection R13B'-1 resisted infection with the "white pickle 
virus" following tv/o inoculations and three attempts to 
recover the virus from these nine plants failed. The 
fruits on these plants were of the short pickling type 
indicating that the ccwibination of the characters for 
mosaic resistance and pickling fruit type may have occurred. 
JJo reliable ratios bearing on the behavior of the 
mosaic resistant character were obtained. 
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EXPMATIOH OP PLATES 
Plate !• 
Typical fruits of the cuciwibor vnr. Chinese long 
grown in the experimental piota of the Botany 
and plant Pathology Section, Iowa State College. 
Plate II. 
Mottling produce^ by Cuciipiber virus 2 on leaf of a 
White spine plant. 
Plate III. 
Response of cucumber plants to Cucumber virus !• 
Left - Chinese long,, parent type. 
Center - Pj of CL x W&4 
Right - White spine, parent type. 
Plate IV. 
Response of cucumber plants ito Cucumber virus 2. 
Left - Chinese long, 4parent t^e. ~ 
Center - Pi of CL x WS.! 
Right - White spine, parent type. 
Plate V. 
Relative size of infected an^ non-infected water­
melon plants (Cucumber viruaj g) of the varieties 
Phinney*s improved (left) an'd'^Mountain sv/eet (right). 
The small, stunted plant in jeach pot is infected. 
! • 
Plate VI. I , 
S7/mptoms of CucT^ber virus 2 ori Tom watson water­
melon, "" ! 
Left - H^a-lthy. ! 
Right - T^^o diseased leaves. 
j 
Plate VII. 
Effect of Cuctanb^r virus 2 on To|n watson water­
melon. Rote sma/11 leaves at top! of vine. 
Plate VIII, ; 
Relative size of .infected and non-ii^ffected citron 
plants (Cucumber virus 2). Two plaints on left are 
Green seeded citron, one pot on' riglat is African 
citron. The smaller plants in :each case are in­
fected. ^ ]• 
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Plate IX. 
Canparison of leaves frcan Infected (upper) and non 
infected (lov/er) plants of citron and watermelon. 
Left - African citron. 
Center - Green seeded citron. 
Right - Phinney's improved watermelono 
Plate X. 
Reaction of plants of the selection R13b, a back-
cross of Pi X WS. The photograph shows possible 
segregation of susceptible and resistant plants 
v»'hich in the teat here represented consisted of . . 
11 infected, more or less stunted plants and four 
hon-infected plants which are tall and vigorous. 
Plate XI. 
Pruit types in cucumbers. 
Left - CL8-3, a resistant strain of Chinese 
long. 
Center - A resistant plant of R13B'-1 with 
the short pickling fruit type. 
Right - Susceptible plant of K13B*-1. 
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